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(54) ASPIRATOR AND PRESSURIZER

(57)  An aspirator (10) includes a pump, a detecting
unit, and a control unit. The pump is driven by a piezoe-
lectric element (22) and has a suction portion and a dis-
charge portion. The detecting unit includes a current de-
tector (32) and a regulator (33), and detects a closed

state of the suction portion. The control unit includes the
regulator (33) and a voltage controller (34), and regulates
an output voltage for the piezoelectric element (22) in
accordance with the closed state of the suction portion
detected by the detecting unit.
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Description
Technical Field

[0001] The presentinvention relates to an aspirator or
pressurizer including a pump.

Background Art

[0002] Examples of conventional aspirators include a
nasal mucus aspirator described in Patent Document 1.
The nasal mucus aspirator includes a vacuum generator,
a nasal mucus storage cylinder, a suction tube, and an
actuator. The vacuum generator and the nasal mucus
storage cylinder are coupled to each other by a tube. The
nasal mucus storage cylinder is coupled to the suction
tube for suctioning nasal mucus. The actuator is config-
ured to start and stop suctioning of the nasal mucus. In
this nasal mucus aspirator, when the suction tube is in-
serted into a nasal cavity and a button of the actuator is
pressed, the nasal mucus is suctioned from the suction
tube by a vacuum generated by the vacuum generator,
and then is stored in the nasal mucus storage cylinder.
When the button of the actuator is released, the vacuum
is released and the suctioning is stopped.

[0003] Examples of conventional pressurizers include
onethatis usedin an anti-bedsore bed. In a conventional
anti-bedsore bed, air cells inflated by being pressurized
by a pressurizer raise one side of the user’s body. This
allows the user to turn over, thereby preventing a user’'s
bedsore.

Citation List
Patent Document

[0004] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2001-218831

Summary of Invention
Technical Problem

[0005] Inthe nasal mucus aspirator describedin Patent
Document 1, since suctioning continues at constant suc-
tion pressure, the suction pressure of the nasal mucus
aspirator needs to be set high to ensure reliable suction-
ing of the nasal mucus. However, this increases the pow-
er consumption of the nasal mucus aspirator during op-
eration. Additionally, if the suction tube does not success-
fully hit the nasal mucus, a large amount of air may be
suctioned all at once from the nasal cavity, and this may
negatively affect the human body. On the other hand, if
the suction pressure of the nasal mucus aspirator is set
low to avoid the problems described above, nasal mucus
of high viscosity may not be able to be removed. Since
the conventional anti-bedsore bed is unable to detect the
turning of the user, the pressurizer applies excessive
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pressure to the air cells for a long period of time. This
results in increased power consumption and noise of the
pressurizer.

[0006] An object of the present invention is to provide
an aspirator or pressurizer capable of applying appropri-
ate pressure in accordance with the situation.

Solution to Problem

[0007] An aspirator or pressurizer according to the
present invention includes a pump, a detecting unit, and
a control unit. The pump is driven by a piezoelectric el-
ement and has a suction portion and a discharge portion.
The detecting unit is configured to detect a closed state
ofthe suction portion or the discharge portion. The control
unit is configured to regulate an output voltage for the
piezoelectric elementin accordance with the closed state
of the suction portion or the discharge portion detected
by the detecting unit.

[0008] With this configuration, the output voltage for
the piezoelectric element is automatically regulated in
accordance with the closed state of the suction portion.
For example, when it is difficult to suction nasal mucus,
the amplitude of the output voltage is increased and the
nasal mucus is suctioned by high suction pressure. When
it is easy to suction nasal mucus, the amplitude of the
output voltage is set to a medium level and the nasal
mucus is suctioned by low suction pressure. When suc-
tioning of nasal mucus is completed or there is no nasal
mucus, the amplitude of the output voltage is reduced.
Since the aspirator can thus be operated by a minimum
voltage, its power consumption during operation can be
reduced.

[0009] The amplitude ofthe outputvoltage isincreased
only when it is difficult to suction the nasal mucus. In
other words, the amplitude of the output voltage is re-
duced when suctioning of the nasal mucus is completed
or there is no nasal mucus. Thus, since it is unlikely that
alarge amount of air is suctioned out of the nasal cavity,
a negative impact on the human body can be reduced.

[0010] Whenthe pressurizerisusedin an anti-bedsore
bed, the closed state of the discharge portion of the pump
varies depending on whether the user has turned over.
Therefore, with the configuration of the presentinvention,
the output voltage for the piezoelectric element is auto-
matically regulated depending on whether the user has
turned over. Thus, by simply driving the pump for a min-
imum period of time at a minimum output, it is possible
to allow the user to turn over and prevent a user’s bed-
sore. That is, the power consumption and noise of the
pressurizer used in the anti-bedsore bed can be reduced.
[0011] In the aspirator or pressurizer according to the
present invention, the detecting unit may detect a pres-
sure difference between the suction portion and the dis-
charge portion. The pressure difference between the suc-
tion portion and the discharge portion varies depending
on whether the suction portion or the discharge portion
is closed. Therefore, with this configuration, the closed
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state of the suction portion or the discharge portion can
be detected by detecting the pressure difference be-
tween the suction portion and the discharge portion. Also,
by varying the amplitude of the output voltage in a step-
wise manner and detecting the suction pressure accord-
ingly, the level of difficulty in suctioning the nasal mucus
can be determined.

[0012] In the aspirator or pressurizer according to the
present invention, the detecting unit may detect a rate of
flow from the suction portion to the discharge portion.
The rate of flow varies depending on whether the suction
portion or the discharge portion is closed. Therefore, with
this configuration, in the same manner as above, the
closed state of the suction portion or the discharge portion
can be detected by detecting the rate of flow.

[0013] In the aspirator or pressurizer according to the
presentinvention, the detection by the detecting unit pref-
erably involves using an impedance of the piezoelectric
element. An amount related to the impedance of the pi-
ezoelectric element, such as the magnitude or phase of
the impedance of the piezoelectric element or a frequen-
cy at which the magnitude of the impedance of the pie-
zoelectric element is minimized, varies depending on
whether the suction portion or the discharge portion is
closed. Therefore, with this configuration, the closed
state of the suction portion or the discharge portion can
be detected by using the impedance of the piezoelectric
element.

[0014] In the aspirator or pressurizer according to the
presentinvention, the detection by the detecting unit may
involve using a magnitude of the impedance of the pie-
zoelectric element at a drive frequency of the pump. The
magnitude of the impedance of the piezoelectric element
is the amplitude ratio between the current flowing through
the piezoelectric element and the output voltage for the
piezoelectric element. Therefore, with this configuration,
the closed state of the suction portion or the discharge
portion can be detected by measuring the current flowing
through the piezoelectric element. Also, in the case of
measuring the current, the number of components of a
circuit implementing the detecting unit can be reduced.
It is thus possible to reduce the size of the circuit imple-
menting the detecting unit.

[0015] In the aspirator or pressurizer according to the
presentinvention, the detection by the detecting unit may
involve using a phase of the impedance of the piezoe-
lectric element at a drive frequency of the pump. The
phase of the impedance of the piezoelectric element is
a phase difference between the current flowing through
the piezoelectric element and the output voltage for the
piezoelectric element. Therefore, with this configuration,
the closed state of the suction portion or the discharge
portion can be detected by measuring the phase differ-
ence between the current flowing through the piezoelec-
tric element and the output voltage for the piezoelectric
element. Also, since the measurement of the phase dif-
ference is less affected by changes in temperature, it is
possible to accurately regulate the suction pressure or
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pressurizing force.

[0016] In the aspirator or pressurizer according to the
presentinvention, the detection by the detecting unit may
involve using a frequency at which a magnitude of the
impedance of the piezoelectric elementis minimized. The
frequency at which the magnitude of the impedance of
the piezoelectric element is minimized is a resonant fre-
quency of the piezoelectric element. Therefore, with this
configuration, the closed state of the suction portion or
the discharge portion can be detected by calculating the
resonant frequency of the piezoelectric element. Also,
by adjusting the drive frequency of the pump to the res-
onant frequency, it is possible to increase the vibration
of the piezoelectric element and achieve high suction
pressure or pressurizing force without varying the ampli-
tude of the output voltage.

[0017] The aspirator or pressurizer according to the
present invention may further include an indicator con-
figured to display the closed state of the suction portion
or the discharge portion detected by the detecting unit.
With this configuration, the closed state of the suction
portion or the discharge portion can be displayed by the
indicator.

[0018] In the aspirator according to the present inven-
tion, an object to be suctioned may be nasal mucus. With
this configuration, nasal mucus can be suctioned.

Advantageous Effects of Invention

[0019] According to the presentinvention, an aspirator
or pressurizer capable of applying appropriate pressure
in accordance with the situation can be obtained.

Brief Description of Drawings
[0020]

[Fig. 1] Fig. 1 is a schematic cross-sectional view of
an aspirator according to a first embodiment.

[Fig. 2] Fig. 2 is a cross-sectional view of a piezoe-
lectric pump according to the first embodiment.
[Fig. 3] Fig. 3 is a schematic diagram illustrating dif-
ferent vibration modes of the piezoelectric pump ac-
cording to the first embodiment.

[Fig. 4] Fig. 4 is a block diagram of a circuit unit ac-
cording to the first embodiment.

[Fig. 5] Fig. 5 is a graph showing the amplitude of
current flowing through a piezoelectric element 22
with respect to the amplitude of drive voltage applied
to the piezoelectric element 22.

[Fig. 6] Fig. 6 is a flowchart illustrating an operation
of the circuit unit according to the first embodiment.
[Fig. 7] Fig. 7(A) is a conceptual diagram illustrating
how the amplitude of drive voltage changes with time
in suctioning of low-viscosity nasal mucus, Fig. 7(B)
is a conceptual diagram illustrating how the ampli-
tude of drive voltage changes with time in suctioning
of medium-viscosity nasal mucus, and Fig. 7(C) is a
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conceptual diagramillustrating how the amplitude of
drive voltage changes with time in suctioning of high-
viscosity nasal mucus.

[Fig. 8] Fig. 8(A) is a conceptual diagram illustrating
how the amplitude of drive voltage, the suction pres-
sure, and the flow rate change with time in an aspi-
rator having a conventional configuration, and Fig.
8(B) is a conceptual diagram illustrating how the am-
plitude of drive voltage, the suction pressure, and
the flow rate change with time in the aspirator ac-
cording to the first embodiment.

[Fig. 9] Fig. 9 is a block diagram of a circuit unit ac-
cording to a second embodiment.

[Fig. 10]Fig. 10 is aflowchartillustrating an operation
of the circuit unit according to the second embodi-
ment.

[Fig. 11] Fig. 11 is a block diagram of a circuit unit
according to a third embodiment.

[Fig. 12] Fig. 12is aflowchartillustrating an operation
of the circuit unit according to the third embodiment.
[Fig. 13] Fig. 13 is a schematic cross-sectional view
for explaining a negative pressure wound therapy
according to a fourth embodiment.

[Fig. 14]Fig. 14 is aflowchartillustrating an operation
of an aspirator according to the fourth embodiment.
[Fig. 15] Fig. 15 provides an external perspective
view and an exploded perspective view of an anti-
bedsore bed according to a fifth embodiment.

[Fig. 16] Fig. 16 provides side views of the anti-bed-
sore bed according to the fifth embodiment.

[Fig. 17]Fig. 17 is aflowchartillustrating an operation
of a drive circuit unit corresponding to an air cell 73A.

Description of Embodiments
(First Embodiment)

[0021] Anaspirator 10 according to a first embodiment
of the present invention will be described. The aspirator
10 is used to suction nasal mucus. Fig. 1 is a schematic
cross-sectional view of the aspirator 10. The aspirator 10
includes a nozzle 11, a separator 12, and a piezoelectric
drive unit 13 arranged in this order from front to rear. The
aspirator 10 has a flow passage 14 that connects the
front end of the nozzle 11 to the rear end of the piezoe-
lectric drive unit 13. The separator 12 includes a storage
unit 15 that branches off the flow passage 14. The pie-
zoelectric drive unit 13 includes a piezoelectric pump 21
(see Fig. 2) and a circuit unit 31 (see Fig. 4) for driving
the piezoelectric pump 21. The piezoelectric pump 21
corresponds to a pump of the present invention. The as-
pirator 10 includes an indicator (not shown) configured
to display the state of the front end of the nozzle 11.

[0022] In the aspirator 10, the front end of the nozzle
11 is inserted into the nasal cavity for suctioning nasal
mucus. When the piezoelectric drive unit 13 is driven, a
flow of air from the front end of the nozzle 11 to the rear
end of the piezoelectric drive unit 13 is generated in the
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flow passage 14. Nasal mucus in the nasal cavity is suc-
tioned from the front end of the nozzle 11 together with
air, separated in the separator 12, and stored in the stor-
age unit 15.

[0023] Fig. 2 is a cross-sectional view of the piezoe-
lectric pump 21. The piezoelectric pump 21 includes a
piezoelectric element 22 and a structure 23. The struc-
ture 23 has a generally disk-like outer shape and is thin
in the thickness direction. A discharge port 26 is open
near the center of the top surface of the structure 23. A
suction port 27 is open near the edge of the bottom sur-
face of the structure 23. The piezoelectric pump 21 is
positioned with the suction port 27 facing the nozzle 11.
The discharge port 26 corresponds to a discharge portion
of the presentinvention. The suction port 27 corresponds
to a suction portion of the present invention.

[0024] The structure 23 is internally provided with a
flow passage 24 and a pump chamber 25. The flow pas-
sage 24 communicates with the discharge port 26 on the
top surface of the structure 23. In the structure 23, the
flow passage 24 extends from around the center toward
the outer edge of the structure 23, and communicates
with the suction port 27 on the bottom surface of the struc-
ture 23. The pump chamber 25 is a thin circular cylindrical
space provided on the bottom side of the portion where
the discharge port 26 and the flow passage 24 commu-
nicate with each other. The pump chamber 25 is open to
the portion where the discharge port 26 and the flow pas-
sage 24 communicate with each other.

[0025] The inner bottom surface of the pump chamber
25 in the structure 23 is configured as a diaphragm (vi-
brating plate) 28 capable of bending and vibrating. The
diaphragm 28 has a disk-like shape. The top surface of
the diaphragm 28 faces the pump chamber 25, and the
piezoelectric element 22 is affixed to the bottom surface
of the diaphragm 28. The top surface of the diaphragm
28 is disposed opposite the discharge port 26, with the
pump chamber 25 interposed therebetween. The piezo-
electric element 22 is a disk-shaped member which is
thin in the thickness direction. The piezoelectric element
22 has piezoelectricity which allows the piezoelectric el-
ement 22 to expand and contract in the in-plane direction
of the principal surface thereof by being subjected to an
alternating voltage.

[0026] Fig. 3 is a schematic diagram illustrating differ-
ent vibration modes of the piezoelectric pump 21. The
piezoelectric element 22 and the diaphragm 28 are af-
fixed to each other to form a unimorph structure, which
is displaced in the thickness direction by driving the pie-
zoelectric element 22. Specifically, when the piezoelec-
tric element 22 tries to expand from a resting state, such
as that illustrated in Fig. 3(A), the diaphragm 28 bulges
toward the piezoelectric element 22 (i.e., toward the bot-
tom side) as illustrated in Fig. 3(B) to increase the volume
of the pump chamber 25. Thus, a negative pressure is
generated in the pump chamber 25 and transmitted to
the flow passage 24 communicating with the pump cham-
ber 25, and a fluid in the flow passage 24 is suctioned



7 EP 3 167 915 A1 8

into the pump chamber 25.

[0027] When the piezoelectric element 22 tries to con-
tract, the diaphragm 28 bulges toward the pump chamber
25 (i.e., toward the top side) as illustrated in Fig. 3(C) to
reduce the volume of the pump chamber 25. Since the
pump chamber 25 and the discharge port 26 are disposed
opposite each other with the flow passage 24 interposed
therebetween, a fluid in the pump chamber 25 is dis-
charged through the discharge port 26 to the outside. At
the same time, a fluid in the flow passage 24 is drawn
into the flow of the fluid from the pump chamber 25 and
discharged through the discharge port 26.

[0028] As described above, in the piezoelectric pump
21, periodic changes in the volume of and pressure in
the pump chamber 25 are repeatedly produced by bend-
ing and vibration of the piezoelectric element 22 and the
diaphragm 28, and an inertial force begins to act on the
flow of gas. This allows a fluid (gas) in the flow passage
24 to be constantly discharged from the discharge port
26. In the piezoelectric pump 21, the diaphragm 28 faces
the discharge port 26 with the flow passage 24 and the
pump chamber 25 interposed therebetween. This im-
proves fluid efficiency of the piezoelectric pump 21, and
allows even a high-viscosity fluid, such as nasal mucus,
to be easily suctioned by the aspirator 10.

[0029] Fig. 4 is a block diagram of the circuit unit 31.
The circuit unit 31 feeds back a current flowing through
the piezoelectric element 22 to automatically regulate a
drive voltage (output voltage) applied to the piezoelectric
element22. The circuit unit 31 includes a current detector
32, a regulator 33, a voltage controller 34, and a drive
circuit 35. The current detector 32 measures a current
flowing through the piezoelectric element 22. The regu-
lator 33 determines the state of the front end of the nozzle
11 (hereinafter referred to as a nozzle end) on the basis
of the measurement result of the current detector 32. The
voltage controller 34 outputs a voltage having a prede-
termined pattern on the basis of the determination made
by the regulator 33. The voltage controller 34 is supplied
with power from a power source 36. The drive circuit 35
generates a drive voltage by boosting the voltage output
by the voltage controller 34, and applies the drive voltage
to the piezoelectric element 22. Note that the circuit unit
31 is obtained by mounting electronic components on a
circuit board. The current detector 32 and the regulator
33 correspond to a detecting unit of the presentinvention.
The regulator 33 and the voltage controller 34 correspond
to a control unit of the present invention.

[0030] The nozzle end communicates with the suction
port 27 of the piezoelectric pump 21 (see Fig. 2). This
means that the current detector 32 and the regulator 33
detect the closed state of the suction port 27. Also, the
regulator 33 and the voltage controller 34 regulate the
output voltage for the piezoelectric element 22 in accord-
ance with the detected closed state of the suction port
27. The indicator displays the detected closed state of
the suction port 27.

[0031] Fig. 5is a graph showing the amplitude of the

10

15

20

25

30

35

40

45

50

55

current flowing through the piezoelectric element 22 with
respect to the amplitude of the drive voltage applied to
the piezoelectric element 22. For an amplitude V of each
drive voltage, a current amplitude 1,(V) obtained when
the nozzle end is closed differs from a current amplitude
I,(V) obtained when the nozzle end is open.

[0032] Thus, if a current amplitude | measured by the
current detector 32 is close to the current amplitude I;(V),
that s, if |I-I(V)| < & holds for a predetermined value & >
0, the regulator 33 determines that the nozzle end is
closed. If the current amplitude | is close to the current
amplitude 1,(V), thatis, if |I-I,(V)| < & holds, the regulator
33 determines that the nozzle end is open. The current
amplitude I;(V) and the current amplitude I,(V) may be
calculated as needed, or may be stored in the form of a
table. Although the amplitude V of the drive voltage is
held by the regulator 33, it may be acquired by measure-
ment.

[0033] As illustrated in Fig. 5, for the amplitude V of
each drive voltage, the current amplitude 1,(V) is greater
than the current amplitude |,(V). Therefore, the state of
the nozzle end may be determined by comparing the cur-
rent amplitude | with a threshold 1,(V) which is appropri-
ately set in the range of |,(V) < It (V) <I,(V).

[0034] The magnitude of the impedance of the piezo-
electric element 22 is the amplitude ratio between the
current flowing through the piezoelectric element 22 and
the drive voltage. This means that the determination
made by the regulator 33 involves using the magnitude
of the impedance of the piezoelectric element 22 at a
drive frequency (i.e., the frequency of the drive voltage).
Also, the suction pressure is high when the current am-
plitude | is close to the current amplitude I (V) and low
when the current amplitude | is close to the current am-
plitude I,(V). This means that the regulator 33 determines
the state of the nozzle end by indirectly detecting the
suction pressure. Here, the suction pressure is a pres-
sure difference between the side of the suction port 27
and the side of the discharge port 26 in the piezoelectric
pump 21 (see Fig. 2). Also, the flow rate is low when the
current amplitude | is close to the current amplitude 1.(V)
and high when the current amplitude | is close to the
current amplitude I,(V). This means that the regulator 33
determines the state of the nozzle end by indirectly de-
tecting the flow rate. Here, the flow rate is the amount of
air flowing from the suction port 27 to the discharge port
26 of the piezoelectric pump 21.

[0035] Fig. 6 is a flowchart illustrating an operation of
the circuit unit 31. The drive circuit 35 applies an initial
voltage as a drive voltage to the piezoelectric element
22 (S11). After the elapse of a given time (e.g., about 1
second) (S12), the current detector 32 measures a cur-
rent flowing through the piezoelectric element 22 (S13).
If the current amplitude | of the measured currentis close
to the current amplitude 1,(V), the regulator 33 deter-
mines that the nozzle end is closed, that is, the suctioning
of nasal mucus has failed (Yes in S14). In this case, for
removal of the nasal mucus, the drive circuit 35 applies
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a drive voltage having an amplitude greater by a prede-
termined value than the original amplitude to the piezo-
electric element 22 (S15). If increasing the amplitude of
the drive voltage causes it to exceed a limit value, the
amplitude of the drive voltage is kept the same as the
original amplitude.

[0036] If the current amplitude | is close to the current
amplitude |,(V), the regulator 33 determines that the noz-
zle end is open (No in S14, Yes in S16). That is, the
regulator 33 determines that suctioning of the nasal mu-
cus has succeeded, orthatthe nozzle endis notin contact
with the nasal mucus in the nasal cavity. In this case,
step S11 is performed again. If the current amplitude | is
far from both the current amplitude 1(V) and the current
amplitude 1,(V), the regulator 33 determines that the as-
pirator 10 has malfunctioned (No in S14, No in S16). In
this case, the suctioning operation is terminated and the
indicator displays an error message. If the current am-
plitude 1 is close to the current amplitude 1,(V), the reg-
ulator 33 may terminate the suctioning operation on the
basis of the determination that the suctioning of the nasal
mucus has succeeded.

[0037] Fig. 7(A) is a conceptual diagram illustrating
how the amplitude of the drive voltage changes with time
in suctioning of low-viscosity nasal mucus. Fig. 7(B) is a
conceptual diagram illustrating how the amplitude of the
drive voltage changes with time in suctioning of medium-
viscosity nasal mucus. Fig. 7(C) is a conceptual diagram
illustrating how the amplitude of the drive voltage chang-
es with time in suctioning of high-viscosity nasal mucus.
Time t; represents the time when suctioning of nasal mu-
cus has been completed. Note that the time difference
between voltage adjustment and current measurement
is not taken into account in Fig. 7.

[0038] Fig. 7(A) shows that suctioning of low-viscosity
nasal mucus is completed when the amplitude of the drive
voltage is at an initial voltage amplitude V;,;; that is, the
amplitude of the drive voltage is kept unchanged. Fig.
7(B) shows that in suctioning of medium-viscosity nasal
mucus, the amplitude of the drive voltage increases with
time from the initial voltage amplitude V,,;, and returns to
the initial voltage amplitude V,,; at the completion of the
suctioning. Fig. 7(C) shows that in suctioning of high-
viscosity nasal mucus, as compared to the case of suc-
tioning the medium-viscosity nasal mucus, it takes more
time to complete the suctioning and the amplitude of the
drive voltage at the completion of the suctioning is larger.
The aspirator 10 thus automatically regulates the drive
voltage in accordance with the viscosity of the nasal mu-
cus.

[0039] Fig. 8(A) is a conceptual diagram illustrating
how the amplitude of drive voltage, the suction pressure,
and the flow rate change with time in an aspirator having
a conventional configuration. Fig. 8(B) is a conceptual
diagram illustrating how the amplitude of drive voltage,
the suction pressure, and the flow rate change with time
in the aspirator 10. Note that the amplitude of drive volt-
age, the suction pressure, the flow rate, and time are
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appropriately normalized in Fig. 8.

[0040] Inthe aspirator having the conventional config-
uration, as illustrated in Fig. 8(A), the amplitude of the
drive voltage is always constant. In the range of time from
0to4 and from 9 to 12, the suction pressure is 0 because
the nozzle end is open, and the flow rate is excessively
high because the amplitude of the drive voltage is regu-
lated to be suitable for the nozzle end in the closed state.
In the range of time from 4 to 9, where the nozzle end is
closed, the suction pressure is higher than that when the
nozzle end is open, and the flow rate is lower than that
when the nozzle end is open.

[0041] In the aspirator 10, the amplitude of the drive
voltage is automatically regulated as illustrated in Fig.
8(B). In the range of time from 0 to 4 and from 9 to 12,
the suction pressure is 0 because the nozzle end is open.
Also, the amplitude of the drive voltage is kept small, and
the flow rate is kept at a moderate level. In the range of
time from 4 to 9, the nozzle end is closed. Accordingly,
the amplitude of the drive voltage is greater than that
when the nozzle end is open, and the suction pressure
is higher than that when the nozzle end is open. Because
of the large amplitude of the drive voltage, the flow rate
is not significantly reduced from that when the nozzle end
is open.

[0042] Every time the aspirator 10 determines that the
nozzle end is closed, the aspirator 10 increases the am-
plitude of the drive voltage. Also, when the aspirator 10
determines that the nozzle end is open, the aspirator 10
reduces the amplitude of the drive voltage. Thus, when
it is difficult to suction the nasal mucus, the amplitude of
the drive voltage is increased and the nasal mucus is
suctioned by high suction pressure. When it is easy to
suction the nasal mucus, the amplitude of the drive volt-
age is kept at a medium level, and the nasal mucus is
suctioned by low suction pressure. When suctioning of
the nasal mucus is completed or there is no nasal mucus,
the amplitude of the drive voltage is reduced. Thus, with
the aspirator 10, the nasal mucus can be suctioned by
appropriate suction pressure in accordance with the
closed state of the nozzle end. Additionally, since the
aspirator 10 can operate at a minimum drive voltage,
power consumption during operation can be reduced.
Also, when suctioning of the nasal mucus is completed
or there is no nasal mucus, the amplitude of the drive
voltage is reduced and it is unlikely that a large amount
of air is suctioned out of the nasal cavity. A negative im-
pact on the human body can thus be reduced.

(Second Embodiment)

[0043] Anaspiratoraccording toa second embodiment
of the presentinvention will be described. Fig. 9is a block
diagram of a circuit unit 41 according to the second em-
bodiment. The circuit unit 41 includes a current detector
42, a voltage detector 43, a phase comparator 44, a mi-
crocontroller (MCU) 45, and a resistor 46. The current
detector 42 measures a current flowing through the pie-



11 EP 3 167 915 A1 12

zoelectric element 22 by measuring a voltage across both
ends of the resistor 46 whose resistance value is known.
The resistor 46 is inserted in a voltage line that connects
the piezoelectric element 22 to the drive circuit 35. The
voltage detector 43 measures a drive voltage applied to
the piezoelectric element 22. The phase comparator 44
outputs a phase difference 6 between the current meas-
ured by the current detector 42 and the voltage measured
by the voltage detector 43. The microcontroller 45 out-
puts a voltage having a predetermined pattern to the drive
circuit 35 on the basis of the phase difference 6 output
by the phase comparator 44.

[0044] A circuit-type digital comparator, such as a
phase frequency comparator used in a phase-locked
loop (PLL) or the like, is used as the phase comparator
44. The microcontroller 45 used is one having an 1/O
terminal and a PWM output terminal. The 1/O terminal is
connected to the phase comparator 44, and the PWM
output terminal is connected to the drive circuit 35.
[0045] A phase difference 6, between the current flow-
ing through the piezoelectric element 22 and the drive
voltage when the nozzle end is closed differs from a
phase difference 6, between the current flowing through
the piezoelectric element 22 and the drive voltage when
the nozzle end is open. Therefore, when the phase dif-
ference 0 is close to the phase difference 6., the micro-
controller 45 determines that the nozzle end is closed,
whereas when the phase difference 6 is close to the
phase difference 6,, the microcontroller 45 determines
that the nozzle end is open. The phase of the impedance
of the piezoelectric element 22 is a phase difference be-
tween the current flowing through the piezoelectric ele-
ment 22 and the drive voltage. This means that the de-
termination made by the microcontroller 45 involves us-
ing the phase of the impedance of the piezoelectric ele-
ment 22 at a drive frequency.

[0046] Fig. 10 is a flowchart illustrating an operation of
the circuit unit 41. The phase comparator 44 outputs a
phase difference 6 after step S12 (S23). The microcon-
troller 45 compares the phase difference 6 with the phase
difference 6, and also compares the phase difference 6
with the phase difference 6 if necessary, thereby deter-
mining the state of the nozzle end (S24, S26).

[0047] Inthe second embodiment, the state of the noz-
zle end can be detected by measuring the phase differ-
ence 0 between the current flowing through the piezoe-
lectric element 22 and the drive voltage. Since the meas-
urement of the phase difference 6 is less affected by
changes in temperature, it is possible to accurately reg-
ulate the suction pressure.

(Third Embodiment)

[0048] An aspirator according to a third embodiment
of the present invention will be described. Fig. 11 is a
block diagram of a circuit unit 51 according to the third
embodiment. The circuit unit 51 includes a resonant fre-
quency computing unit 57. The resonant frequency com-
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puting unit 57 calculates a resonant frequency f of the
piezoelectricelement22 on the basis of the current meas-
ured by the current detector 32. The regulator 33 deter-
mines the state of the nozzle end on the basis of the
resonant frequency f calculated by the resonant frequen-
cy computing unit 57.

[0049] The resonant frequency of the piezoelectric el-
ement 22 is a frequency at which the magnitude of the
impedance of the piezoelectric element 22 is minimized,
that is, a frequency at which the amplitude of the current
flowing through the piezoelectric element 22 is maxi-
mized. The resonant frequency of the piezoelectric ele-
ment 22 can be calculated by varying the drive frequency
within a predetermined range, measuring the current
flowing through the piezoelectric element 22 at each fre-
quency, and selecting afrequency at which the amplitude
of the measured current is maximized.

[0050] A resonant frequency f, of the piezoelectric el-
ement 22 when the nozzle end is closed differs from a
resonant frequency f, of the piezoelectric element 22
when the nozzle end is open. Therefore, when the res-
onant frequency f is close to the resonant frequency f_,
the regulator 33 determines that the nozzle end is closed,
whereas when the resonant frequency f is close to the
resonant frequency f,, the regulator 33 determines that
the nozzle end is open.

[0051] Fig. 12is a flowchart illustrating an operation of
the circuit unit 51. The resonant frequency computing
unit 57 calculates the resonant frequency f after step S12
(S33). The regulator 33 compares the resonant frequen-
cy f with the resonant frequency f;, and also compares
the resonant frequency f with the resonant frequency f,
if necessary, thereby determining the state of the nozzle
end (S34, S36). The drive circuit 35 applies a drive volt-
age appropriate for the state of the nozzle end to the
piezoelectric element22 (S11, S15). The drive frequency
is adjusted to the resonant frequency f.

[0052] In the third embodiment, the state of the nozzle
end can be detected by calculating the resonant frequen-
cy f of the piezoelectric element 22. Also, by adjusting
the drive frequency to the resonant frequency f, it is pos-
sible to increase the vibration of the piezoelectric element
22 and achieve high suction pressure without varying the
amplitude of the drive voltage.

[0053] Although the aspirator of each of the embodi-
ments described above is a nasal mucus aspirator, the
aspirator of the present invention is not limited to the na-
sal mucus aspirator, and may be one that suctions body
fluid, such as saliva or phlegm.

(Fourth Embodiment)

[0054] An aspirator for a negative pressure wound
therapy according to a fourth embodiment of the present
invention will be described. Fig. 13 is a schematic cross-
sectional view for explaining a negative pressure wound
therapy according to the fourth embodiment. The nega-
tive pressure wound therapy involves covering a wound-
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ed portion W of the patient with a dressing 67, such as
a gauze dressing. The wounded portion W covered with
the dressing 67 is hermetically sealed with a film 66. A
first end of a tube 64A passes through an opening of the
film 66 and is connected to the dressing 67. A second
end of the tube 64A is connected to a storage unit 65.
The storage unit 65 is connected to an aspirator 60 by a
tube 64B extending therebetween. A flow passage that
connects the dressing 67 to the aspirator 60 is thus cre-
ated.

[0055] The aspirator 60 has, for example, the same
configuration as the piezoelectric drive unit of the first
embodiment. The piezoelectric drive unit includes a pie-
zoelectric pump and a circuit unit for driving the piezoe-
lectric pump, as described above. In the negative pres-
sure wound therapy, the aspirator 60 suctions air in the
dressing 67 to lower the pressure in the dressing 67.
Also, the negative pressure wound therapy involves suc-
tioning exudate accumulated in the dressing 67 together
with air, separating the exudate from the air, and storing
the exudate in the storage unit 65.

[0056] Fig. 14 is a flowchart illustrating an operation of
the aspirator 60. The aspirator 60 operates in the follow-
ing manner. The aspirator 60 sets the drive voltage of
the piezoelectric pump to a standard voltage, and drives
the piezoelectric pump to suction air in the dressing 67
(S41). When the pressure in the dressing 67 is lowered
to a lower limit by this suctioning, a suction portion (suc-
tion port) of the piezoelectric pump approaches a closed
state. After the elapse of a given time (S12), the aspirator
60 detects the state of the suction portion of the piezoe-
lectric pump (S43). For example, as in the first embodi-
ment described above, the state of the suction portion of
the piezoelectric pump is detected by measuring current
flowing through a piezoelectric element of the piezoelec-
tric pump. If the suction portion of the piezoelectric pump
is detected to be in the closed state (Yes in S44), the
aspirator 60 lowers the drive voltage of the piezoelectric
pump to a minimum voltage at which detection of the
closed state is generally possible (S45). Then, the aspi-
rator 60 performs step S12 again.

[0057] Lowering the drive voltage of the piezoelectric
pump lowers the suction force of the piezoelectric pump.
As time elapses, air begins to flow into the dressing 67
through a narrow gap between the film 66 and the skin
of the patient, or between the film 66 and the tube 64A.
When this causes the pressureinthe dressing 67 toreach
an upper limit, the suction portion of the piezoelectric
pump approaches the open state. If suctioning of air in
the dressing 67 is not yet sufficient enough, the suction
portion of the piezoelectric pump remains close to the
open state. Ifthe suction portion of the piezoelectric pump
is detected to be in the open state (No in S44, Yes in
S46), the aspirator 60 drives the piezoelectric pump at
the standard voltage to suction air in the dressing 67
(S41). If the suction portion of the piezoelectric pump is
detected to be neither in the closed state nor in the open
state (No in S44, No in S46), the aspirator 60 determines
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that a malfunction has occurred, and terminates the suc-
tioning operation.

[0058] Inthe fourth embodiment, when pressure in the
dressing 67 reaches a lower limit, the drive voltage of the
piezoelectric pump is lowered to a minimum voltage. This
makes it possible not only to prevent excessive suction,
but also to reduce power consumption. Also, when pres-
sure inthe dressing 67 reaches an upper limit, suctioning
of airin the dressing 67 is resumed. It is thus possible to
keep pressure in the dressing 67 at a low level.

(Fifth Embodiment)

[0059] An anti-bedsore bed using a pressurizer ac-
cording to a fifth embodiment of the present invention will
be described. Fig. 15(A) is an external perspective view
of an anti-bedsore bed 70 according to the fifth embod-
iment. Fig. 15(B) is an exploded perspective view of the
anti-bedsore bed 70 according to the fifth embodiment.
Arectangular upper surface of a base 74 is provided with
air cells 73A and 73B thereon. The air cells 73A and 73B
are arranged side by side in the direction of the short side
of the upper surface of the base 74, and are longer in the
longitudinal direction of the upper surface of the base 74.
A mat 71 formed by joining the side faces of a plurality
of columnar air cells 72 is placed over the upper surface
of the base 74 having the air cells 73A and 73B thereon.
[0060] The air cells 72, 73A, and 73B are connected
by corresponding tubes (not shown) to a pressurizer (not
shown). The pressurizer includes piezoelectric pumps
corresponding to the respective air cells, drive circuit
units for driving the respective piezoelectric pumps, and
a control circuit unit configured to control the timing of
the operation of each of the drive circuit units. The pie-
zoelectric pumps are each configured, for example, in
the same manner as in the first embodiment. The drive
circuit units are each configured, forexample, in the same
manner as the circuit unit of the first embodiment. The
piezoelectric pumps are each positioned with its dis-
charge portion (discharge port) facing the corresponding
tube and its suction portion facing the outside air.
[0061] The tube connected to the air cells 72 is provid-
ed with a valve. This allows air to be introduced into or
discharged from the air cells 72 as necessary. The tubes
connected to the air cells 73A and 73B are not provided
with any valves. Thus, when the piezoelectric pumps are
driven, air is supplied to the air cells 73A and 73B, which
are thus pressurized. When the piezoelectric pumps are
stopped, air is discharged from the air cells 73A and 73B,
and the pressure in the air cells 73A and 73B is reduced.
[0062] Fig. 16(A)is a side view of the anti-bedsore bed
70. Fig. 16(B) is a side view of the anti-bedsore bed 70
in which the air cell 73A is inflated. In the anti-bedsore
bed 70, one of the air cells 73A and 73B is inflated by
the pressurizer to raise one side of the body of a user P.
This allows the user P to turn over. The air cells 72 may
be used, along with the air cells 73A and 73B, to allow
the user P to turn over.
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[0063] Fig. 17 is a flowchart illustrating an operation of
the drive circuit unit corresponding to the air cell 73A.
The drive circuit unit corresponding to the air cell 73B
operates in the same manner as the drive circuit unit
corresponding to the air cell 73A. The drive circuit unit
operates in the following manner. After driving the pie-
zoelectric pump corresponding to the air cell 73A at an
initial voltage (S11) and a given time (e.g., about 0.1 sec-
onds) elapses (S12), the drive circuit unit measures a
current flowing through the piezoelectric pump corre-
sponding to the air cell 73A (S13). If the user has not yet
turned over, the air cell 73A is held under pressure by
the weight of the user. Therefore, the current flowing
through the piezoelectric pump corresponding to the air
cell 73Ais close to the current amplitude (V) obtained
when the discharge portion of the piezoelectric pump is
in the closed state. Accordingly, if the amplitude of the
measured current is close to the current amplitude 1(V),
the drive circuit unit determines that the user has not
turned over (Yesin S14). Then, the drive circuit unitraises
the drive voltage of the piezoelectric pump corresponding
to the air cell 73A to continue to apply pressure to the air
cell 73A (S15).

[0064] When the user turns over, the body of the user
is separated from the air cell 73A. This brings pressure
in the air cell 73A close to the atmospheric pressure.
Therefore, the current flowing through the piezoelectric
pump corresponding to the air cell 73A is close to the
currentamplitude | (V) obtained when the discharge por-
tion of the piezoelectric pump is open. Accordingly, if the
amplitude of the measured current is close to the current
amplitude 1,(V) (No in S14, Yes in S16), the drive circuit
unit determines that the user has turned over. Then, the
drive circuit unit stops the piezoelectric pump corre-
sponding to the air cell 73A to stop the application of
pressure to the air cell 73A until the next timing of turning
over (S57). At the next timing of turning over, the drive
circuit unit drives the piezoelectric pump corresponding
to the air cell 73A at the initial voltage again (S11). Note
that the timing of operation of each of the drive circuit
units corresponding to the air cells 73A and 73B is con-
trolled by the control circuit unit such that the air cells
73A and 73B are alternately pressurized.

[0065] In the fifth embodiment, the amplitude of the
drive voltage of the piezoelectric pump is increased when
the user does not turn over, whereas the piezoelectric
pump is stopped when the user turns over. Thus, by sim-
ply driving the piezoelectric pump for a minimum period
of time at a minimum output, it is possible to allow the
user to turn over and prevent the user’s bedsore. In step
S15 of the fifth embodiment, the drive circuit unit may
keep the drive voltage of the piezoelectric pump un-
changed, instead of raising it. Even in this case, an effect
close to that in the case of raising the drive voltage of the
piezoelectric pump can be achieved.
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Reference Signs List

[0066]

10, 60: aspirator

11: nozzle

12: separator

13: piezoelectric drive unit

14, 24 flow passage

15, 65: storage unit

21: piezoelectric pump (pump)

22: piezoelectric element

23: structure

25: pump chamber

26: discharge port (discharge portion)
27: suction port (suction portion)
28: diaphragm

31, 41, 51: circuit unit

32, 42: current detector (detecting unit)
33: regulator (detecting unit, control unit)
34: voltage controller (control unit)
35: drive circuit

36: power source

43: voltage detector

44 phase comparator

45: microcontroller

46: resistor

57: resonant frequency computing unit
64A, 64B: tube

66: film

67: dressing

70: anti-bedsore bed

71: mat

72, 73A,73B: aircell

74: base

P: user

W: wounded portion

Claims

1. An aspirator or pressurizer comprising:

a pump driven by a piezoelectric element and
having a suction portion and a discharge portion;
a detecting unit configured to detect a closed
state of the suction portion or the discharge por-
tion; and

a control unit configured to regulate an output
voltage for the piezoelectric element in accord-
ance with the closed state of the suction portion
or the discharge portion detected by the detect-
ing unit.

2. The aspirator or pressurizer according to Claim 1,
wherein the detecting unit detects a pressure differ-
ence between the suction portion and the discharge
portion.
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The aspirator or pressurizer according to Claim 1,
wherein the detecting unit detects a rate of flow from
the suction portion to the discharge portion.

The aspirator or pressurizer according to any one of
Claims 1 to 3, wherein the detection by the detecting
unitinvolves using an impedance of the piezoelectric
element.

The aspirator or pressurizer according to Claim 4,
wherein the detection by the detecting unit involves
using a magnitude of the impedance of the piezoe-
lectric element at a drive frequency of the pump.

The aspirator or pressurizer according to Claim 4,
wherein the detection by the detecting unit involves
using a phase of the impedance of the piezoelectric
element at a drive frequency of the pump.

The aspirator or pressurizer according to Claim 4,
wherein the detection by the detecting unit involves
using a frequency at which a magnitude of the im-
pedance of the piezoelectric element is minimized.

The aspirator or pressurizer according to any one of
Claims 1 to 7, further comprising an indicator con-
figured to display the closed state of the suction por-
tion or the discharge portion detected by the detect-
ing unit.

The aspirator or pressurizer according to any one of
Claims 1 to 8, wherein an object to be suctioned is
nasal mucus.
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